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INTRODUCTION 
This paper deals with a chromosomal analysis of the prob­
lem of heterosis. 
Our present knowledge of the genetic mechanism of hetero­
sis is based, apart from the Mendelian laws, on the effects 
observed in the experiments on the inbreeding and crossing 
of Inbred lines. Considerable research of this kind has been 
done since the time of Darv/in. He was the first to compare 
in well-controlled experiments cross-and self-fertilized 
plants in species belonging to 52 different genera. To him 
we also owe the gathering of many scattered observations on 
this problem made previous to this time. Up to the present 
many types of organisms both in the plant and animal kingdom 
have been svibjected to inbreeding and subsequent crossing of 
inbred lines under variously controlled conditions. 
Genetic theory based on these observations and the 
Mendelian laws of inheritance may be summarized as follov/s: 
1. Many individual factor pairs are heterozygous in cross 
fertilizing popvilations. 2. Inbreeding of such populations 
brings about their separation into homozygous types. 3. De­
sirable factors are usually dominant over undesirable ones. 
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On the importance of the latter point with regard to 
heterosis the two commonly recognized theories of heterosis 
differ* Jones' theory postulates the dominance of desirable 
factors which in crosses cover up the undesirable effects of 
their recessive alleles. East, on the other hand, suggests 
tliat heterosis is not concerned v/ith deleterious recessives. 
He exjjlains heterosis by means of an interaction between 
"normal" alleles at the same locus such that the heterozygous 
combination is better than either homozygous factor pair. 
The theories are not mutually exclusive. Both the comple­
mentary action of different dominants as well as a stimulus 
due to heterozygosis itself may coexist in any cross between 
inbred lines. This becomes clear if one turns to the defi­
nition of dominance. Dominance is said to be partial if the 
heterozy^ote lies between AA and AA f aa. It is complete if 
g 
Aa = AA and is called superdominance when Aa ) AA. Superdomi-
nance, which can be regarded the basis of East's theory, is 
as yet more a logical possibility rather than a widely observed 
fact. The evidence in support of Jones' theo3?y is more exten­
sive. 
Both explanations of the genetic mechanisms of heterosis 
make a greatly simplifying assumption, although qualified in 
either case, with regard to the combined action of nonallelic 
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factor pairs, namely, that the total Is nothing more than the 
sum of its parts. For this to be trtie would demand that aggre­
gates of factor pairs never acquire properties in virtue of 
their numbers which they did not already possess as Individuals. 
Expressing the same idea in more mathematical terms: phenomena 
due to an aggregate of individual parts which can be described 
in tei-ms of linear differential eqviations have the property of 
additivity; the effect of a number of elements is the sum of the 
effects separately and no new properties appear in the aggregate 
which were not present in the individual elements. But if there 
are combination terms, then the s-um is more than, or different 
from its parts, and nev^ effects may appear in the aggregate. 
Such combination effects are termed interactions between 
nonallelic genes. As the interaction between alleles is called 
dominance; the nonallelic combination effects will be denoted 
throughout this paper merely as "interactions." 
To determine the presence or absence and the type and mag­
nitude of these interactions is one of the objects of this study. 
All previous experiments on inbreeding and the crossing of 
inbred lines had a nvimber of shortcomings in common which made 
deductions from their results to the underlying mechanism dif­
ficult. The most important of all was the inability to discount 
properly the effects of selection, both of individuals and of 
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whole lines. Even though some investigators could have measured 
the selection practiced by them in each generation, natural 
selection a a evidenced in the inability to continue certain 
lines, in the sterility of individuals, etc. could iiot be ad­
justed for. Thus the results obtained were a composite of in­
breeding and selection. Fiu'thennore, if selection should favor 
the heterozygous types the actt^al c3egree of homozygosis attained 
is always ].ess than that computed on theoretical grounds. Con­
sequently even a known amount of phenotypic selection v/ould be 
hard to discount in terms of the genetic change it prod\iced. 
The limitation of technical facilities forced many investi­
gators to carry only a few lines. This fact in addition to the 
selection betv/een lines Kiakes it doubtfixl v/hether any such samjiLe 
of lines can be considered representative of the original popula­
tion. 
The process of inbreeding Inevitably requires a rather large 
nirmber of generations stretching over a considerable period of 
time - in most organisms over many years. Year and often seasonal 
effects cause large and irregular deviations from any inlierent 
trend of the pop^alation and Interfere with the accurate determin­
ation of its course. 
In the crossing of inbred lines the genetic differences be­
tween thera could only be guessed at by considering their previous 
history and general breeding behavior. It was not possible, how­
ever, to state differences between lines in terms of the n-umber 
and kind of the genetic units; the cliromosomes or genes. 
In the ijresent study lines v/ere created the relative 
genetic difference of which was knovm accurately in terms 
of chromosomes. A cliromosomal analysis of the mechanism of 
heterosis became possihle, which v/as free of all the limita­
tions discussed above. Thus, the elucidation of the role 
that groups of genes, as represented by chromosomes, play 
in the production of heterosis. Individually and in couibina-
tlons will be the major objective of.this paper. It is hoped 
that the critical knowledge of the heterotlc mechanism can 
be augmented beyond that derived from the observation of 
whole populations or lines and certain deductions on the 
action of genes, their distribiition and nttmber be made 
possible. 
•m Q mm 
EXPEHILIEKTAL 
Hie Techniqvie 
Two inbred lines of Drosophila raelanogaster were chosen. 
These were already knovai to produce a superior hybrid genera­
tion as measured by egg production. The first three chromo­
some pairs of both lines were controlled. These constitute 
aboiit 97 cent of the chromosome material. The fourth 
chromosome contributing about tliree per cent was not follovmd. 
By a process involving dominant markers and inversions shown 
in figure 1, all possible chromosome combinations were created 
in a relatively short period of time. There are 27 possible 
tyi^es, since the members of each cliromosome pair may be derived 
both from one, or both from the other parental strain or one 
from each of them (3x3x3= 27). 
Five inversions were used to prevent crossing over within 
the marker-chromosomes. One is located on the X chromosome 
and one on each arm of both the second and the third chromosoraes. 
A sixth inversion associated with Plum (Pm) had no functional 
value as this character was only used in the males where no 
crossing over takes place. This inversion had been found in­
ferior to the Curly (Cy) and Lobe (L) inversions used in pre­
venting segmental interchange in the second chromosome. 
The dominant markers which made it possible to follow the 
chromosomes through the generations were Hairy V^ing (Hv;) on 
the first; Curly (Gy), Lobe (L) and Plum (Pm) on the second; 
Moire (Me), Stubble (Sb) and Hairless (H) on the third chromo­
some. All those genes are lethal in homozygous condition witti 
the exception of Hw, Ilomozygo^is Hv/ will likev/ise die as the 
Inversion associated v/ith it carries a lethal mutation. 
As an additional safeguard against crossovers a ntunber 
of recessive genes v/ere carried on the markei* chromosomes as 
shown below: 
I II III 
y Hw V gp al Cy ^ L sp Me Sb e® 
o 
o.o O 67 0.0 llo 0.0 108.2 
4 
Pm 1-; 
genc.S.\T:OI : 
w WeSb 
^ H 
CuL Me'Sb 
Hw CuL 
TYPL NO 
Hvj CuL 
Hw CuL 
CuL MeSb 
CuL H 
Hw CuL MeSb 
TYPE. NO 
hhv Ci.lL MeSb 0 (f I 
1 
Pm H 
Pm H Hw CuL Vie sb 
CyL MeSb 
Hw CyL 
TYP= MO. 
Hw Cv^L 
M^b 
CuL MeSh<> 
CuL ^  
gw CuL 
C= CyL 
TYPE. NO. 
16 
Hw CuL MeSb 
I 
CO 
I 
Pig. 1. Scheme of matings to obtain all 27 chromosome combinations of the 
tv/o parental strains. A1 chromosomes are shown in black, 192 
chromosomes in vitoite, and chromosomes of the marker and inversion 
stocks hatched. 
The symbols starting from the left stand for; 
(y) yelloviT bodyj (v) vermillionj (g) garnet, (al) arlataless; 
(sp) speckJ (e®) sooty. For simplicity these are not shovm 
in the mating plan (Pig* 1). 
Only four generations are necessary to obtain all the 
typos desired. Ilovvover, the frequency v/ith vrtiich the de­
sired individuals aopear in the third generation is so 
small that many breeding bottles do not yield a single wild 
type fly. Mot only are relatively few offspring produced 
by these flies but also the nmiber of crossovers at or near 
the spindle fiber attachment in the third chromosome are 
considerable. The many inversions increase the crossover 
frequency in the noninverted sections. This difficulty 
•was overcorae by iiiultiplying the few homozygous wild tjTpe 
flies obtained, for one generation and by making the approp­
riate crosses in the succeeding one. Thus both homozygous 
and heterozygous types v^ere obtained in numbers stifficiently 
large for testing. 
Testing for egg prodiiction proceeded as follows: The 
breeding bottles were emptied as soon as the flies began 
to hatch and every 24 hours later young females of the 
right kind v/ere removed into empty quarter pint milk bottles, 
one female to a bottle. 
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There they were mated to hybrid males (out of the cross 
between the two parental lines). The bottles were closed 
with paraffined caps to the tinderside of which a small agar 
food cake had been attached. They were then inverted and 
the flies permitted to produce for 24 hoxir periods. After 
every 24 hours the caps were changed. From the 4th to the 
8th day of the fly's life her egg production was determined. 
The food cakes consisted of: 
60 parts vjater 
10 parts bananas 
1 part agar shreds. 
This mixture v/as boiled for about 10 minutes. Charcoal 
bone sufficient to blacken the mixture was added to make the 
counting of the eggs easier. By means of pipettes the food 
was then distributed over the caps. After hardening a small 
drop of yeast was spread evenly on the cakes.''" 
This method of determining egg prodtiction had been develop-
ed by L. E. Johnson in this laboratory. 
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The Strains 
The strains of Drosophila melanogaster used in this ex­
periment differed in the amount of their inbreeding. The 
first strain (192) had undergone 92 generations of brother-
sister matings, the second (AI) only 14 generations of equally 
intensive inbreeding. In addition both strains had been kept 
for a considerable period during which they were propagated 
by so called "random mating." This consisted in transferring 
5-10 males and about an equal number of females from the 
parent bottle into a fresh breeding bottle. Such a mating 
system restricted the population sufficiently to cause a 
loss of at least 2.5 per cent of the remaining heterozygosis 
per generation. Frequently though due to death, sticky wings, 
etc. only fev/ flies of those transferred became the parents 
of the next generation. Thus the remaining amount of heterozy 
gosis was reduced still further from generation to generation 
provided that no selective mechanism was at v/ork in the op­
posite direction. 
These strains had been developed by Dr. J. W. G-owen and 
Dr. L. E. Johnson in the Iowa State Genetics laboratory. Cross 
ing the two strains these investigators found a considerable 
heterotic increase as evidenced in egg production, length of 
life, and productive period. The author is deeply indebted 
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for their permission to use these stocks in the present 
analysis of the genetic mechanism responsible for the 
heterotic increase. 
The mating plan indicates that a chromosome in one 
strain was considered identical to every other homologous 
chromosome in that strain. This would be perfectly accurate 
only if one could be certain of complete homozygosis in the 
strains. As some residual heterozygosis was suspected especi­
ally in the A1 strain and the possibility of additional genetic 
variation due to recent mutations existed multiple matings 
only were made. Thus the residual genetic variation was trans­
ferred into all 27 types equally in addition to the uncontrolled 
variations in the IVth chromosomes and the terminal crossovers 
of the controlled chromosomes v/hich may have remained unnoticed. 
Preliminary Experiments 
Before the actual experiment was begun it was necessary 
to determine two major questions: (a) Is there a cytoplasmic 
or maternal effect, i.e. do the offspring of reciprocal 
cro3^3es differ in their egg production; (b) Does temperature 
have to be controlled in order to make egg production records 
taken on different dates comparable? 
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Two sets of reciprocal crosses were tested preliminary 
to the major experiment. No significant differences were 
found between the reciprocal F^'a in either case. Their 
means and standard errors expressed in per day production 
(5 days were counted per fly) were as follows; 
Parent ; A1 x 192 192 x Al 
1st set: 98.1 £ 3.0 98.1 ± 2.9 
2nd set: 81.8 - 2.5 88.7 t 2,5 
A later experiment also furnished information on the 
same point. A comparison between reciprocal well 
as between the four Pg groups derived from these was avail­
able. The Pg's came from the following matings: 
Pl,l X ^ Pi^g; (? X 5 Pi^i; Fi^i X ^ Pi^i. 
FX,2 ^ ^1,2» The second subscript stands for the 
reciprocal crosses, 1 pertaining to the parental cross 
c/* Al X J 192 and subscript two to the alternative one. 
Analysis of both Pj^ and P2 comparisons are given below: 
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Table 1 
Analysis of Variance of the 
Egg Production of Plies out 
of Reciprocal d-osses 
d/f M,S. 
Between Reciprocal 
Crosses 1 9158,0-
Between Replications 
within Crosses 2 4842.0^ 
Within Replications 44 1997.32 
P = 1.89 
Again no significant difference is found in the com­
parison of Pi's out of reciprocal crosses. Tests like 
this one are rather unsatisfactory. By the nature of the 
material only a single degree of freedom for the mean square, 
"Between crosses," can be had. Thus even actual differences 
of some magnitude may be classified as non-significant. 
The four Pg's present three independent comparisons 
tv/o of which can be ascribed to cytoplasmic effects thereby 
providing evidence on whether such effects exist. The first 
of these is a comparison between matings in which both male 
and female have the same kind of cytoplasm, being full sibs; 
versus matings in which male and female differed in that re­
spect. Should cytogenes exist and should they contribute to 
Table 2 
Analysis of Variance of the Egg Production 
of the four P2 Populations Derived from Reciprocal Generations 
d/f M.S. 
Replications 
'bypea 
Subdivisions: 
I. PI23^12'''^11^^11 ^11^^12+^12^Pll 
II. PI2XPI2+FII3^FI2 ^3- 5'll^ll+Fl2XPl2 
III. PL2x5l2-^5l2x51i vs. PiixPn+Fij^xPj^g 
Replication x Type 
Subdivision: 
Replication x I 
Replication x II 
Replication x III 
3 
3 
1 
1 
1 
3 
3 
3 
2286.8 
1464.76 
131,3 $ &: o cytoplasms 
alike vs. unlike 
708.8 ^ cytoplasjns compared 
3551.3N, sex chromosome com­
parison 
1020.7 
1816.0 
982.7 
263.4' 
P = 13.48"^ 
Within P2 types -f replications 31 868.2 
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the heterosis effect when different kinds of cytoplasm are 
brought together this comparison would measure their effect. 
The mean square found is considerably smaller than the proper 
error term. 
The second cytoplasmic comparison corresponds closely 
to what was tested between reciprocal P^'s. One type of 
maternal cytoplasm is compared v/ith that coming from the 
other strain. The comparison here is freed of possible 
effects of the male cytoplasm entering perhaps with the 
neck of the sperm while the Px comparisons were confounded 
with them. A larger though still small variance Indicates 
that maternal effects seem to be absent with regard to egg 
produ ction. 
The last degree of freedom expresses differences due 
to one type of male versus the other type out of the two 
reciprocal crosses. If the male does not contribute any 
cytoplasm or if the cytoplasm has no effect on the charac­
ters of the offspring, differences found must be due to the 
superiority of the X chromosomes from one parental strain 
over those of the other. Actually the mean square attached 
to this comparison is large and statistically significant. 
There are, therefore, sex liiaked genes for egg production. 
This point is made here only for the purpose of explaining 
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the meaning of the third degree of freedom in the analysis. 
It suggests, however, a method for the determination of 
sex linkage in characters which are only expressed in the 
homogametic sex and in organisms where marker genes are not 
available or their use too cumbersome. 
It can be concluded that there are no significant dif­
ferences due to cytoplasmic or maternal effects, at least 
as far as concerns the period of five days in which egg 
production was measured in these experiments. 
To stixdy the effect of temperature on egg production 
groups of flies from a highly inbred line (192) v/ere sub­
jected to three different temperatures: 20^0, 25°C and 30OC. 
These levels were chosen to sample the temperature range pre­
vailing in the Genetics Laboratory at Ames. To investigate 
also carry-over effects i.e. effects of previous treatment 
persisting to some extent under the altered conditions a 
double change-over design was used which had been applied 
previously by Cochran et al. in feeding experiments on dairy 
cattle. 
Dixring the 15 day long experiment all groups of flies 
v/ere subjected to all three temperatures for 5 day periods. 
The order of tlie treatments was different in each group. 
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There v/ere six groups consis-blng oi* six flies each or 36 
flies in all. 
For the purpose of.the present paper it will suffice 
to compare the egg production data of the fourth to the 
eiglith day of the flies' life v/hich alone v/ill be considered 
in this experiment. A full account of the temperature study 
will be given in another place. 
The egg production data per fly v/ere as follov/s; 
Days 4 5 6 7 8 Total 
Terajjerature 
20^0 35.9 39.5 31.2 29.7 34.8 171.1 
25°C 67.8 67.1 63.2 48.3 36.0 282.4 
30^0 60.4 41.6 45.1 37.5 44.3 228.9 
Totals 164.1 148.2 139.5 115.5 115.1 
Egg production v/as highest at 25°C^ lowest at 20^0, 
being about interniediata for the flies at 30^0. The dif­
ferences are higlily significant and sufficiently large to 
warrant the conclusion that temperature had to be controlled 
in order to make egg production records taken on different 
dates compeirable. 
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The Data 
The data consist of two major sets. The first set was 
obtained by testing the flies of the different genetic types 
whenever they were available# Not only the date of testing 
differed but also the age of the bottle at the time the flies 
were removed for testing differed for both males and females. 
However, age of breeding bottle was found later to have a 
very minor effect. In order to have some control on the 
variation due to date of testing all types were tested at 
least twice throughout the 6 months (January - June) test-
ing period of this experiment. At the same time one parental 
lino and the Fx hybrid v/ere tested at frequent intervals,thus 
serving as controls. To keep the variation due to date of 
test at a minimum all test bottles were kept in a large incu­
bator at 25°C, Toward the end of April the outside tempera­
ture rose above 25°C and the bottles had to be put into a 
small ice box fitted for refrigeration as well as heating. 
Some of the types which were obtained late in the experiment 
were thus tested only under the new conditions. The results 
of this change will become evident later in the discussion. 
As a check on the mating technique two aeries of 27 
types were created independently of one another. 
The second set of experiments was car:^led out under very 
much Improved conditions of environmental and statistical 
control. The two independently created groups of eight 
homozygous lines (homozygous for the first three chromosomes) 
were available (Pig. 2). Prom these lines all 27 types could 
he reconstructed by crossing them in all possible ways. Some 
of these crosses yield identical results. The four homozygous 
lines on the left side in the chart (below) crossed with 
their counterpart on the right all produce complete heterozy-
gotes. (Testing such crosses for their similarity in pro­
ductive capacity formed an additional test of the dominant 
marker inversion technique). 
i n m i n m 
flG.S. THE. EIGHT HOMOZYGOUS 
COMBINATIONS 
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All crosses were made on the same day. Sufficient bottles 
v/ere carried of each cross and each homozygous line to make 
sure that at least two healthy and thriving bottles for 
each type and each independent creation would be available 
out of which flies for testing could be obtained. On the 
13th day after the matings four flies were chosen for test­
ing from each of the two bottles of each type in each crea­
tion, 432 flies in all. For reasons given above and some 
others to be discussed later 64 instead of only 16 flies were 
tested of the completely heterozygous type. Pour Pg genera­
tions out of reciprocal crosses between the parental 
strains were tested simultaneously. All flies were mated 
to completely heterozygous males of the same age. Uniformly 
vigorous males were necessary in order to avoid loss of 
records due to sterile males and to eliminate possible male 
effects on the expression of the productive capacity of the 
female fly. 
The flies were divided into four completely randomized 
blocks, each block containing all the flies out of one bottle 
and one creation for all types. The first two blocks repre­
sented one creation, the remaining two the other. The blocks 
were arranged on a table away from the windov^^s in as close a 
formation as possible. 
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Pood caps v/ere renewed every 24 hours ± 10 minutes. The 
eggs of the 4th, 5th and 7th day of the flies' life were 
counted. There was no artificial temperature control prac­
ticed, as all flies were tested on the same days of their 
lives and also on the same dates. This fact combined v/ith 
the counting of only three days out of the five counted in 
the earlier experiment makes the absolute total and the 
daily average production different in the two experiments. 
Relative differences between types should, however, be ex­
pected to be similar but for larger environmental fluctua­
tions in the first experiment and possible differential 
responses of the genotypes to changed environmental condi­
tions, e.g. to differences in temperature. 
As the second experiment is superior to the first, al­
though the number of flies involved in it is only about one 
tenth as large, its results will be discussed in greater 
detail. The first experiment will be drawn on for compari­
son and in order to substantiate or contradict the results 
axid to provide possible clues to phenomena the interpreta­
tion of which is not clear. 
The analysis of the first experiment is given in table 
3. There y;ere 5575 daily counts taken on the egg production 
of 1115 flies which came out of 148 different breeding bottles 
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and I'epresent the 27 genetic types. There were 185 missing 
counts. In the majority of cases one count out of five for 
a fly v/aa missing, in a fev/ instances two out of five. These 
were substituted by an approximation method. Totals per day 
and the total production of the fly having the missing counts 
were used in the missing plot formula for randomized complete 
blocks. Plies producing for less than three days out of the 
five were omitted. 
All sources of variance studied have highly significant 
effects. The right hand side of table 3 apportions the total 
variance into the fractions (T) due to types, B due to 
bottles, F due to flies, D due to days and E due to day and 
fly interactions. 
The smallest effect is that due days (3.3^), The days 
chosen for counting lie around the peak of the production 
curve, after the initial rise and before the actual drop in 
production sets in. The relatively constant temperature of 
the incubators eliminated a further source of daily varia­
tion, In percentage of the total production of the entire 
population the day totals amounted to: 21.3; 21.0; 20.Ij 19,5; 
18.1 per cent; for the 4th to the 8th day respectively of the 
flies' lives. ' 
The next larger contribution to the variance is that due 
to bottles (B = 8.2 per cent). Every breeding bottle provides 
Table 3 
Analysis of Variance of Daily Egg Counts 
per Ply in tbe First Experiment 
d/f 4 CQ
 
•
 Interpretation Portions of Variation 
Per cent 
Chromosomal types 26 27254.0" E + 5P + 57.67B+206 .48T 114.99 17.8 
Bottles within types 121 3511.6*' E + 5P + 37.67B B= 53.10 8.2 
Plies within bottles 967 1511.4'" E +5P P = 263.83 40.9 
Days 4 23959.0" E +1115D D= 21.32 3.3 
Day X fly 42711 192.3 E E ' 192.29 29.8 
695.53 100.0 
1. 185 missing counts. 
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Its own peculiar environment. The number of flies and 
larvae, bacterial infections, yeast growth and moisture per­
centage all contribute to the differences between bottles. 
As the flies were tested in different months and weeks and 
obviously came out of different breeding bottles some dif­
ferences associated with date of breeding and testing are 
included in this term. 
The most important effect is that due to fly differ­
ences. (P = 40.9 per cent). Permanent environmental dif­
ferences between flies are certainly the major source of this 
variation. In addition, whatever differences existed in the 
conditions of the test bottles, the age and vigor of the 
males to which they wore mated and, to a small degree, dif­
ferences in the age of the breeding bottle at the time of 
their hatch are Included In this fraction. 
The variation which can be ascribed to type differences 
Is 17.8 per cent of the total. The source of this fraction 
should be entirely duo to genetic causes unless some con­
founding between types and time of test has biased this term. 
In the further analysis only these chromosomal type vari­
ations will be Investigated. The other portions of the vari­
ance elucidated here helped make decision for the following 
experiment. Evidently fewer days could be counted without 
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losing much in the acci.xi''acy of the measurement of egg produc­
tion. Likewise It appeared desirable to recruit the flies 
for the testinj;; of each type from iaevoral breeding bottles. 
In table 4 the analysis of the daily counts for the ran­
domized comi>lete block experiment, together with the interpre­
tation of the individual mean square., is presented. There 
v/ere 141 missing items which were replaced by approximation 
methods. In order to avoid fractional degrees of freedom 
in the table they are stated as if the experiment had shovm 
no missing items. The mean squares, however, are corrected. 
The variance between indei>endent creations of the 27 
genetic types is small (586.5) and does not contribute to 
the total variance as shovm on the right hand side of the 
table (Portion; K). This speaks v/ell for the goodness of 
the dominant marker and inversion tecliniqiie and for the 
accuracy of the experimental methods. 
Replications (I) show highly significant differences 
bvit add little, 1.2 per cent, to the total variation. 
The treatments or types analyzed here consist of 30 
groups each containing 16 flies and 48 daily counts. Only 
27 of these are genuinely different types from the genetic 
point of view. Pour were crosses between different homozygous 
types all producing complete heterozygotes. Subdividing the 
29 degrees of freedom Into groups of 3 and 26 it is found 
that the comparison between the four types yields a 
variance smaller than the corresponding error term, furnish­
ing additional evidence for good technique and experimental 
procedure. The next term represents the genuine type dif­
ferences (H) which are highly significant and constitute 
14.5 per cent of the total variance. This is somewhat less 
than in the first experiment where type differences accounted 
for 17.8 per cent. The two figures are, however, not strictly 
comparable as temperature was controlled in the first experi­
ment reducing daily variation to 3.3 per cent of the total 
while no temperature control was practiced here. Day to day 
variation makes up 29.9 per cent of the total variance in 
the second experiment, thereby causing an increase of the 
total variance in this experiment over that of the previous 
one and a corresponding decrease of the portion due to type 
differences. On the other hand it appears that the day to 
day variation was perhaps responsible for making the types 
more variable in actual amounts. This is indicated by the 
type X day interaction ic), which has a highly significant 
mean square and accounts for 6 per cent of the total vari­
ance, The first five days of the testing period were attended 
by rather cool weather (around 20°C) v/hile the 6th and 7th 
I 
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Table 4 
Analysis of Variance of the Randomized Complete Block Experiment 
Dally Egg Counts . 
Source of Variation d/f M.S. Intercretation 
Creation 1 
Replication within creation 2 
Treatments 29 
Completely heterozygous 
types 3 
Genuine treatments 26 
Treatment x Replications 87 
Complete heterozygous 
types X Replications 9 
Genuine treatments x 
Replications 78 
E+4: .4A+120B+3F+13.3G+ 360I-^72C 
E-»4,4A+120B-»3P+13.3G+ 3601 
E44.4A+17.7 C+3P+13.3G 
586.5 
7096 .5" 
9552.8"" 
1405.3 
10492.9*"' 
1636.6 
2826.8 
1499.3"" E'^4.4A+3P+lo.3G 
Plies within treatments 
and replications 360 717.0'"' E+3P 
Days 2 150426.3" E+4.4A-<-120B+17.7 C^480D 
Treatment x days 58 1508.1"^ E-f4.4A-t-i7.7C 
Days X replications 6 1374.1^" E+4 •4A't'120B 
Treatments x days x 
replications 174 405.0^' E+4.4A 
Remainder 720 253.4 • E 
141 missing items 
I 
I 
landoraized Complete Block Experiment 
Counts 
M.S. Interpretation Portions of Variation 
586.5 E-t4.4A+120B+3P+13.3G+ 360Ii-720K 
7096.5" E-»4,4A+120B-»3F+13.3G+ 3601 
9552.8^* 
1405.3 
10492.9"'' E+4.4A-H7.7C+3F+13.3a 
1636.6 
2826.8 
1499.3"' E-+4.4A+3P+13.3G 
K 0 
I 12.86 
H 149.33 
G 47.42 
Per cent 
0 
1.2 
14.5 
4.6 
717.0*" E+3P 
150426.3*" E+4.4A-<-120B+17 .7 0480D 
1508.1"^ E+4.4A-»-17.7C 
1374.1^", E+4.4A-i-120B 
P 154.53 
D 308.30 
C 62.32 
B 8.08 
15,0 
29.9 
6.0 
.8 
405.0 E+4.4A 
253.4 E 
A 34.47 
E 253.38 
3.3 
24.7 
100.0 
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day were considerably warmer (above 25°C). Thus the types 
which matured earlier produced well on the 4th and 5th day 
at a time when the later maturing ones showed a low level 
of egg production. 
Ply differences are small in this experiment amount­
ing to only 15«0 per cent as compared to 40.9 per cent in 
the previous one. This terra "illustrates.best the much im­
proved conditions with regard to contemporaneity of breed­
ing and testing which made a much more uniform treatment of 
all flies possible. 
The type means of this experiment are shown graphically 
and numerically in figure 3 which is arranged on a decreas­
ing scale of chromosomal heterozygosis. There is 1 type 
heterozygous for 3 chromosomes, 6 heterozygous for 2, 12 
heterozygous for 1 and 8 homozygous for all three chromosomes. 
The implications of the data in this chart will be the sub­
ject of subsequent sections. 
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RESULTS 
The Relation of Heterozygosis to Vigor as Measured 
by Egg Production 
If one arranges the different types in groups accord­
ing to the number of chromosomes which are in heterozygous 
condition one finds that every group is perfectly balanced. 
In each group first, second, and third chromosomes are 
equally frequent in heterozygous condition. The group 
averages,therefore,furnish values which are equally spaced 
from one another with regard to the degree of heterozygosis. 
Groups heterozygous for one, tvjo and three chromosomes are 
one-third, two-thirds and three-thirds respectively more 
heterozygous than the homozygous tj/pea, irrespective of 
v/hether the first, second and third chromosomes are equal 
to each other in their effects on egg production. Like­
wise, each grouping is balanced in its homozygous chromosome 
pairs. They are derived as often from one strain as from 
the other. By plotting the four points representing the 
average egg production for the different degrees of heterozy­
gosis on an arithmetic scale figure 4 is produced for the 
data from the randomized block experiment. Visual inspection 
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33.3 <£>(h.1 lOO 
PERCETtvrr HETEROZYOOSIS 
Pig. 4. Relation of egg production to heterozygosis 
for the total counts of the randomized block 
experiment. 
Pig. 5. Relation of egg production to heterozygosis 
for the 7th day count only. 
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alone is enough to shov/ that this relation ia a perfectly-
linear one. Tests of significance are needless here. 
As it had been found earlier that a significant inter­
action between days and types existed in this experiment, 
it was of interest to investigate v;hether the counts for 
different days Indicated different relationships between 
egg production and heterozygosis. The first five days of 
the test period had been rather cool (around 20^C) while 
it warmed up considerably on the 6th and 7th day. Thus the 
first two counts were taken well before the flies reached 
the peak of their production due to the retarding effect of 
the weather, while the last count taken on the 7th day was 
at or near the peak. The factor of early maturity enters 
into the production records. Figure 5 has been drawn to 
show the relationship of egg production to heterozygosis 
for the 7th day count only. Again the linearity is strik­
ing. As both the 7th day count and the total counts are 
linear in their relation to heterozygosis the 4th and 5th 
day egg productions cannot but show the same relationship. 
Drav/ing on the first experiment for comparison we 
find a trend in figure 6 which deviates considerably though 
not significantly from linearity. Three of the points 
apoear to be in a straight line while the point at 33 per 
cent heterozygosity is much too high. 
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O 333 <^<S.7 lOO 
PERCENT HE:TEEOZY<3I0513 
Pig. 6» Relation of egg production to heterozygosis 
in the first experiment. 
Fig. 7. Relation of egg production to heterozygosis 
in the first experiment after omitting the 
types under altered conditions (broken line). 
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It will be remembered that toward the end of a six 
months testing period the large incubators had to be ex­
changed for a small icebox which Viras adapted for heat regu­
lation in both directions. All types tested solely during 
the final period fall into the category of types heterozygous 
for one chromosome and homozygous for one each, from either 
parental strain. These could be obtained in sufficent num­
bers only by crossing the homozygous lines which had been 
developed previously. Fortunately the 12 types heterozygous 
for one diromoscme can be divided into tv/o groups of six 
without losing their balance. Each group retains two first, 
second and third chromosome heterozygotes as well as equal 
numbers and kinds of homozygous chromosome pairs from both 
parental strains. Eliminating the six types which v/ere 
tested under altered conditions the trend becomes again 
perfectly linear as figure 7 shows. 
Before discussing the bearing this linear relationship 
has upon chromosomal interactions it may be well to emphasize 
that this trend is freed of all factors which may introduce 
a bias in any particular direction. 
As all possible types could be created no question of 
selection either artificial or natural enters the picture. 
The only place where selection may possibly have been effec­
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tive was on the residual variation remaining in the parental 
strains and on the variation due to fourth chromoaomes, un­
controlled terminal ends of the first, second, and third 
cliromoaoines and perhaps double crossovers 'within inversions. 
It is not likely that this residual genetic variation la 
Impox'tant enough to be much subject to phenotyplo selection, 
The genes of both parent strains are all rei^reaented 
and in their correct proportions in the 27 types. The types 
are therefore not only a random sample but constitute the 
complete genetic population. To create a similar group of 
representative genetic types 'would be nearly impossible 
for most other organisms. In corn, for example, v/ith ten 
chromosome pairs, 3^^ or more than 59,000 types would be 
necessary if the study -was to be comparable with this in 
accuracy. 
Differential effects of environment on different 
parts of the fly population have been removed in the 
randomized complete block experiment. 
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Chromosomal Interaction 
It was stated previously that phenomena due to an aggre­
gate of individual parts which can be described in terms of 
linear differential equations have the property of additivity. 
It must therefore be ahov/n that no terms of higher degree 
enter into the equation. The trend considered so far is a 
trend of averages, each point, except the completely 
heterozygous one, being based on several types. Interactions, 
i.e. combination effects which are larger or smaller than the 
sum of the individual chromosomal effects separately, may 
still exist. They must be, however, of such a nature that 
types within the same group show interactions in opposite 
directions thus cancelling from their averages. The 27 
7 
types which represent a balanced 3x3x3 factorial design ' 
for the three chromosomes, each at two homozygous and one 
heterozygous level,permit a ready evaluation of these inter­
actions by means of an analysis of variance of the average 
egg production of the 27 genetic types. Tables 5,6 and 7 
show the analyses for the randomized block experiment. 
In table 5 the variations for each chromosome are cal­
culated on the basis of the three levels each can assume-
with the corresponding two and three factor interaction terms. 
While the effects of the first and second and third chromosome 
Table 5 
Analysis of Variance of the Mean Egg 
Productions of the 87 Oiromosomal 
Combinations (Handotaized complete 
block experiment) 
Source of Variation d/f M.S. Interpret at ion Portions of Variance 
Per cent 
I Chromosome 2 348.3"'^ E + A+ 3D+ 3C+ 9H H 38.7 18.5 
II It 2 884.6^* 
286.3^ 
E -1- A + 3D + 3B + 9G G 89.7 42.8 
III l( 2 E A + o C •#" 3B + 9F P 23.2 11.1 
I X II n 4 1.3 E + A + 3D D 0 0 
I X III If 4 33.5 E -J. A+ 3C C 0 0 
II X III I! 4 77.1 E + A + 3B B 9.5 4.5 
I X II X Ill 8 48.6 E f A A 17.3 8.2 
All interactions 20 41.8 
Treatments x Rep. 78 31,2 E E 31.2 14.9 
209.7 100.0 
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are highly significant none of the interactions show varia­
tions in excess of what could be explained by random dif­
ferences. Apportioning the variance into its component parts 
it is found that 18.5 per cent is due to the first, 42.8 per 
cent to the second and 11.1 per cent to the third chromosome. 
The I X II and I x III interactions have no effect, the 
II X III interaction contributes 4,5 per cent, the I x II x 
III 8.2 per cent the sampling error accounting for 14.9 per 
cent of the total variance. 
The next tv/o tables subdivide this analysis into indi­
vidual degrees of freedom. In the first of these analyses 
the heterozygous level of each chromosome is measured against 
the average of the two homozygous levels. The corresponding 
interaction terms express whether the combination of two or 
three chromosomes in heterozygous condition is anything other 
than the sum of the effects of the Individual heterozygous 
chromosome pairs separately. These are the main effects and 
interactions which pertain to the linear relationship studied 
between egg production and heterozygosis. There are apparently 
no interaction effects, almost the total variation being due 
to the direct action of the chromosomes. Their mean squares 
are all highly significant. 
The last analysis compares the two homozygous levels. 
The differences here are small and none are significant. 
Tables 6 and 7 
Subdivision of the Analysis of Variance of 
Table 5 
2 X Heterozygote - (Homozygotei-t- Homozygoteg) Homozygotei - Horaozygoteg 
Source of Variation d/f 
I. Chromosome 1 
II. 1 
III. " 1 
I X II. " 1 
I X III. " 1 
II X III." 1 
I X II X III. 1 
M.S. Source of Variation d/f M.S. 
1 13.6 
1 41.5 
1 14.1 
1 ,22 
1 .56 
1 203.4 
1 74.4 
68-3.0"^ 
1727.7* 
558,4'" 
2.67 
.11 
.01 
8.37 
Chromosonie 
n 
I. 
II. 
III. 
IX II. 
I X III. 
II X III. 
"I X II X 
Jt 
If 
It  
tl 
III. 
All interactions 4 3.79 All interactions 69.7 
Table 8 
Analysis of Variance of the Mean Egg Productions (7th day 
counts only) of the 27 Chromosornal Types. (Rand.oraized Complete 
Block Experiment) 
Source of Variation d/f M.S. Int erpretat ion Portions of Variance 
574.3'" 
Per cent 
I chromosome 2 A + 3C + 5D+ 9H 52.4 11.4 
II " 2 1916.4" A + 3B + 3D + 9G G=200.0 43.6 
III " 2 1010.0'" A + 3 C + 3B + 9P P= 99.3 21.6 
I X n " 4 81.0 A + 3D D= 0 0 
I X III " 4 62.1 A+ 3C C= 0 0 
II X III " 4 116.4 A+ 3B B= 4.41 1,0 
I X H xIII " 8 103.1 A A --103.1 22.4 
459,2 100.0 
All interactions 20 93.2 
Tables 9 and 10 
Subdivisions of the Analysis of Variance 
of Table 8 
2 X Heterozygote - (Homozygotei 4- Homozygoteg) Homozygotei •» HomozyKoteg; 
Source of Variation d/f M.S. Source of Variation d/f M.S. 
I. chromosome 1 1134.6'^ I. chromosome 1 14.0 
II. t t  1 2755.3'" H. " 1 1079.4 
III. r i  1 1955.5'^ III. " 1 64.5 
I X II. n 1 117.4 I X II. " 1 77.8 
I X III. n 1 5.02 I X III. " 1 12.0 
II X III. I t  1 31,2 II X III. " 1 321.0 
IxIIxIII. t t  1 37.5 IxIIxIII. " 1 120.1 
All interactions 4 47.8 
Table 11 
Analysis of Variance of the Mean Egg Productions 
of the 27 Ghromcsomal Types (Ist Experiment) 
Source of Variation d/f m.s. Interpretation Portions of Variation 
I. (Taromos ome 2 98.7 ev a + 3 c + 3d + 9h h = -3.8 
Per cent 
-1.9 
t: 
•
 
H
 
H
 2 815.3" e'+ a + 3b + 3d + 9g G = 81.0 40.7 
III. " 2 359.9" e'+a+ 3b+ 3c+ 9p p = 25.3 12.7 
I X II. 4 73.3 e'+ a + 3d d = 0 0 
I X III. 4 132.6 e'+a + 3c c = 15.4 7.7 
IIx III. 4 26.4 e'-f a + 3b b - 0 0 
I X II X III. 8 86.3^* E'+ a A = 58.8 29.5 
All interactions 20 81.0 
e = 22.5 11.3 
Bottles v/ithin types 121 22.5 e 199.2 100.0 
e' = 27.5 has been adjusted so as to contain the coefficient of A. 
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For the same reason as before, namely to investigate 
v;hether the factor of earliness is responsible for any change 
in main effects or interactions the analysis of the data for 
the seventh day egg production was carried out. Tables 8, 9 
and 10 present the total analysis and its subdivisions. 
As previously all of the interactions have small mean 
squares, while the main effects are statistically significant 
beyond the 1 per cent point. Note that the mean square for 
the chromosome III has become about twice as large as that 
of chromosome I. It had been smaller than the latter in 
the analysis of the total egg production. With the excep­
tion of the change of relative magnitude of chromosome I 
and III the subdivisions into the individual degrees of 
freedom present no new feature. 
Finally analyses of the first experiment are presented 
in tables 11, 12, 13. The 27 average egg production figures 
for the genetic types analyzed here are based on varying num­
bers of flies per type . They range from as few as 12 to as 
many as 98 flies. No weighting has been done, each type's 
average being considered an unbiased estimate of its real 
productive capacity. In spite of this and deviations in ex­
perimental conditions from the randomized block experiment, 
the analysis agrees in its main features well with the previous 
analysis presented above. None of the two-factor interactions 
Tables 12 and 13 
Subdivision of the Analysis of Variance 
of Table 11 
2 X Heterozygote-(Homosygotexf Homozygote]-Hoaiozygoteg 
Homozyaioteo) 
Source of Variation d/f M.S. ~ Source of Variation d/f M.S. 
I. CJaroraosome 1 52.8 I. Qiromosome 1 144.5 
H
 
H
 
•
 1 1402.6 II. " 1 228.0 
III. " 1 493.4 III. " 1 226.4 
I X II. 1 100.1 I X II. 1 12.5 
I X III. 1 36.7 I X III. 1 194.8 
II X III. 1 30.6 II X III. 1 .16 
I X II X III. 1 147.4 I X II X III. 1 7.20 
All interactions 4 78.7 All interactions 4 53.7 
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is significant. The three factor Interaction, however, is 
highly significant as compared with the proper term for ex­
perimental error: between breeding bottles within types. It 
is believed, especially as there does not seem to be any two 
factor interaction, that this circumstance can be explained 
by the not perfectly comparable conditions under which the 
types were tested. The confounding of types and time of 
testing, the change in incubators and the varying number of 
flies per type can be looked upon as the source of the rather 
large three factor interaction term. Among the main effects 
2nd and 3rd chromosome account for 40,7 and 12,7 of the total 
variance which compares very closely to the 42,8 and 11,1 per 
cent of the variance in the randomized block experiment. The 
effect of the first chromosome appears to be small indeed. No 
new feature appears In the subdivision of the analysis into 
Its individual degrees of freedom. 
Having shown that the relationship between vigor,as 
measured by egg product ion,and heterozygosis is linear and 
that no interactions between chromosomes exist we can now 
express decrease or increase in vigor In terms of a linear 
differential equation, Ctoromosomes In this experiment behave 
as giant Ifendellan factor pairs, each representing a group of 
probably many genes, since the Inversion technique prevented 
crossing over. Denoting the daromosome from one strain by"A" 
47 -
and from the other by "a" the symbols for the possible com­
binations are 
aa Aa AA 
their freqiioncies: 1-q-p P q-P regardless of 
2 2 the inntlng system 
their phenotypic valties: 0 w 1 
v; v/ill vary with the degree of dominance, v? = 1 when there is 
no dominance, it will be unity v;hen dominance is complete and 
greater than xinity in case of superdominance. The mean value 
isx = wp + q- |). The rate of change in the mean with chang-
2 • 
ing heterozygosis provides the linear differential equation. 
§5 = w - 1 
which Yfas to be found. This equation is independent of gene 
frequency for any given population and the rate of change is 
a constant for any given degree of dominance. 
Heterosis and Cliromosome Length 
It vms observed in all the analyses of variance of the 
type means tliat the tei'ms for the effect of the three chromo­
some pairs differed widely. This may be due to eithei' dif­
ferential mxmbers of genes located on the chromosomes, to a 
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varying magnitude of gene effects, or due to both of these 
elements, No clear cut way of distinguishing between them 
has as yet been devised. One can, however, compare the 
chromosome effects to the corresponding chromosome lengths. 
Should these be proportional an indication in favor of a 
larger gene number in the longer chromosomes and a smaller 
in the shorter ones would be furnished as genes are located 
linearly along the chromosomes. 
The chromosomes of Drosophila melanogaster have been 
measured in many ways. There are physical measurements taken 
of chromosomes at metaphase, on the salivary chromosomes and 
the number of the bands observed in the latter. Crosaover 
units and the percentage of visible loci found on the dif­
ferent chromosomes are genetic measures of their lengths. 
All these measurements were compared to the heterotic 
increase due to the respective chromosomes, using a least 
square test. 
As an example of how the test proceeds the heterotic 
effect due to each chromosome from the data of the 7th day 
count of the randomized block experiment ia compared to the 
salivary band ratios. 
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Cliromosoiaea 
Wtoinber ol' bands 
Expressed as ratios 
Heterotic effects 
observed 
I 
1024 
.48 
247.53 
II 
2134 
1.00 
385.59 
III 
2077 
.97 
324.96 
Each chromosome effect can be considered as an estimate based 
on its cliroinosome length and an ei'ror term. 
e*S* yi = 247.53 « .48in+ e  
yg = 385.59 « m-fe 
yg = 324.96 « . 97 m + e 
As the y's are independent of one another the least square 
solution becomes: (y;^ ~ •48m)2 ^ (yg - t- (yg - .97m)2 
Differentiating partially with respect to ra: 
= .48 (y^^ - »48ra) + yg - m + .97 (yg - .97m) 
Equating to zero m becomes: m = '^Syj^ + yg ^ •97yg s 819.62 = 
2737? 2.17 
377.17. 
The exijected valvies if 
heterosis is exactly pro­
portional to band number 
are ; 181.04 377.17 365.85 
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as compared to the observed: 247.53 385.59 324.96 
Deviations: -66.49 - 8.42 40.89 
Reduction due to regression: (.48 yi + 72 + *9*7 73)^ - 5732.86 
2,17 X 54 " 
Analysis of Variance 
d/f S.S. M.S. 
Variation due to heterotic 
effects of chromosomes I,II, & III 3 5843.51 1947.84 
Due to regression 1 5732.86 5732.86 
Deviations from regression 2 110.65 55.32 
Deviations from main effects 
(Table 8) 23 3021.04 131.35 
P = 103.e'" 
The regression of the chromosomes on the salivary band 
numbers is highly significant. The deviations from the re­
gressions do not differ from the proper error term. This 
indicates that the proportionality between the heterosis 
effects of the chromosomes and the number of bands satisfac­
torily explains all the real differences between chromosome 
effects. 
In a similar way proportionalities were calculated for 
the other chromosomal measurements. Table 14 gives the P 
values obtained for the 7th day counts, the total counts of 
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Table 14 
The Proportionality between Heterotic Increase of the 
Chromosomes and ChromosomeLengths 
Randomized block experiment 
7th day count 
I II III 
Heterotic effects: 247.53 385.59 324.96 
Measurements 
I II III 
Metaphase chromosomes^ 1.56/* 2.21^ 2.80/^ P= 53.5* 
Salivary chromosomes^ 220/* 460 485/^ P= 70.1'' 
Salivary chromosome^ 
bands 
1024 2134 2077 P=103.6'"' 
Per cent of visible^ 
loci 
.69 1.00 .77 P=503.5'"' 
Ratio of crossover® 
units 
.62 1.00 • CO
 
CD
 
P=482.9*'' 
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ic Increase of the 
gths 
andomlzed block experiment Ist experiment 
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the randomized block experlirient, and the data Tron the first 
expei'iment. 
The first col-Lua.i of  F vttlvies for 7th day coiints v/hich 
best represent a K!atm''e or peak production shows strikingly 
good agreement to the per cent of visible loci, crossover 
Tinits and salivary bands. Tiie next best fit is that, with 
the salivary chromoBOiiie len^jths, a less close proportionality 
being observed with the metaphas© lengths. The total egg 
counts of the randomised complete block experiment agree 
Generally^less well with all the measiirements. This ia in 
spite of the fact that the 7th day coujtats are contained 
within them. As v/as suggested in the discussion of the 
mean squares standing for the different chromojaome effects, 
earliness of egg laying appears to be caused by factors v/hich 
are concentrated on certain chromosomes rather than being 
distributed over all of them in proportion to their length. 
Before investigatirjg the question of earliness more 
closely it should be noted that the first experiment seems 
to support the x)roportionalitle3 found in the 7th day counts. 
The poorest fit in both columns is that to the .metaphase 
lengths, while the four remaining measurements fit rather 
well. 
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The closeness of fit is not as good in the first experiment, 
although two values are significant. In neither case were 
the deviations from the regression sufficiently different 
from the general error term to make it mandatory to search 
for other causes than chromosome length in order to explain 
the differences betv;een the heterotic effects of the three 
chromosomes. 
It appears permissible to divide the measurements into 
two rather distinct groups. One group includes the physical 
measurements of metaphase and salivary chromosomes. Their 
total length is given without attempt to distinguish between 
hetero- and euchromatic material. The two measurements them­
selves, however, differ with respect to the amount of inert 
material they contain. In the salivaries certain regions of 
the X and Y chromosomes v/hich are known to be inert take part 
in the magma which forms a central and undifferentiated mass 
in which all the centromeres are fused together In Drosophila 
melanogaster (Darlington), This may explain the reduced 
relative length of the X chromosome in the salivaries as com­
pared to that at metaphase. 
The remaining measurements form the second group in 
which an attempt Is made to get at the genetically active 
material present within each chromosome. 
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The salivary bands are believed today to represent either 
individual genes or groups of genes. At least their propor­
tionality to the gene number is not subject to much doubt. 
Crossover maps were originally not intended to measure 
the active portions of the chromosomes. Their function was 
to provide a linear array of the genes and to give the cross­
over frequencies between adjacent loci. Dobzhansky, however, 
has shown by comparing metaphase and linkage maps that in 
the regions containing most inert material one unit cross­
over corresponds to a relatively much greater distance on 
the physical chromosome than it does in the active portions. 
This holds true for the centers of the two large autosomes 
and for the right end of the X chromosome. Thus It appears 
that crossover units may represent the active length of the 
chromosomes rather than their physical length. 
The per cent of visible loci are in close proportion to 
the total number of genes on the different chromosomes. There 
is some doubt, however, as to the quality of this measurement. 
As it is much easier to detect sex-linked genes, more of 
these have been located and recorded. Similarly the differ­
ence in the number of tests made on the second and third 
chromosomes does not permit one to look upon the number of 
visible loci found on each as a representative sample of all 
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visible genes present. On the other hand with more and more 
genes being recorded and alleles of loci already known not 
being counted again, the relative numbers of visible loci 
should approach their true proportions. 
As the salivary band and the crossover units and the 
per cent of visible loci showed the closest fit one may con­
clude that the heterotic effects of the individual chromo­
somes during the period of peak production are most closely 
proportional to their active lengths. 
Heterosis and Early Maturity 
In order to demonstrate the effect of earliness the data 
from the 7th day count are compared to those of the 4th and 
5th day. The heterotic increase for the three chromosomes 
v/as as follov/s: 
I II III 
7th day 247.5 (.26) 385.6 (.40) 325.0 (.34) 
5th day 205.1 (.33) 287.4 (.46) 131.3 (.21) 
4th day 123.5 (.29) 243.3 (.56) 64.6 (.15) 
In parenthesis the fractions of the total amount of 
heterosis for each chromosome and day are indicated. Evi­
dently the factors for earliness are concentrated chiefly 
on the second and to a lesser extent on the first chromosome, 
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thus boosting their efiects in the earlier days markedly 
above those of the third. Figui^e 8 ^^ives a graphical repre­
sentation of these daily changes in the heterotic effects 
of tlie three chromosomes. It shows the striking alteration 
of their relative importance on the 7th as compared to the 
4th and 5th day, 
A study of early mat^^rity in the homozygous chromosome 
pairs shov/s a similar phenomenon to that presented in figtu'e 
9. The second chromosome pair of the 192 strain is supei-ior 
on the 4th day to that of the A1 strain but the relationship 
is reversed on the 5th day and even more so on the last day 
of the experiment. The differences between the other homozy­
gous pairs are not as striking. 
This interesting shift in the part wliich the differ'ent 
chromosomes play v/ith regard to egg production leads to a 
more general picture of the connection between genes and 
physiological activity. 
The egg production curve can be divided rather crudely 
into three stages: The initial rise, peak production and de­
cline. It is v/ell icnowi that different organic activities 
take part in each stage of the production cycle. Underlying 
these changes apparently are groups of genes determining 
specific actions. The more specific the activity the fewer 
are the determining genes likely to be and consequently the 
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more locali2ed on definite portions of the chromatin material. 
Perhaps only at the peak of production do all organs which 
can participate in the manufacture of eggs cooperate to pro­
duce at a maximum while at the initial rise or at the decline 
certain functions are eliminated or others may assume major 
roles. Peak production may, therefore, be based on the lar­
gest number of genes, being distributed all over the chromo­
somes, while other portions of the production curve have more 
specific determinants. If this hypothesis should be found 
true one would then speak of genes for egg production with 
the realization that there is no definite set of genes with 
given rate of activity for the total production cycle but 
that steadily changing groups of genes take part at perhaps 
varying degrees in different phases. 
The present experiment if extended over the life time 
production of the flies would give Information v/ith regard 
to the absolute and relative change of the chromosomes during 
the production cycle. Such changes may in time be correlated 
with the corresponding physiological processes and perhaps 
specific chromosomes be identified with distinct organic 
activities. 
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Gene Number 
The following argument could be raised: Proportionality 
between the heterotic effect of individual chromosomes and 
their active length could easily occur by chance alone if 
only a few genes with differential effects are present. 
To probe the validity of this argument let us assume 
the rather unlikely and unfavorable case that only 3 genes 
are responsible for egg production. Each gene has a dif­
ferent effect. The one v;ith the smallest effect is located 
on the X chromosome, the one with the largest on the second, 
etc. The probability of each specified gene becoming located 
in this order on the three chromosomes is 1/27 on the basis 
of the "null hypothesis" that each gene has an equal chance 
of being located on either one of them. Therefore, only in 
one out of 27 cases could proportionality between chromosome 
length and heterotic effect be found by chance alone under 
the given most unfavorable assumptions. This indicates sig­
nificance by statistical convention. If egg production 
could be explained by 9 or 10 genes with equal effects the 
probability reduces to about l/§4 and 1/141, if by 20 factor 
pairs to 1/S77 . As with an increasing number of factor 
pairs the finding of proportionality between chromosome 
effect and length becomes of increasingly greater importance 
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it was deemed desirable actually to estimate the number of 
% 
factors involved. 
To the author's knowledge no method has been worked 
out for estimating gene numbers in crosses shov/ing heterosis. 
In 1921 Castle had developed a formula for the estima­
tion of factor pairs in the case of blending inheritance. 
Here the number of factors v/as found (after Wright's correc­
tion) by means of the equation 
n • d2 
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in which D is the difference betv/esn the means of the paren­
tal races, the variance of the and the variance 
of the Pg. 
Serebrovsky (in 1928) extended Castle's formula to the -
case of partial and complete dominance;i.e.,where the charac­
ter of the crossed generation lies between the parental mean 
and the larger parent or equals the latter in its expression. 
Both the above estimations are restricted to data in 
which the parental strains lie at opposite extremes of the 
genetic range,except for the case in which the frequencies 
of the various genes are all identical. In a further exten­
sion of Castle's formula so as to include also crosses of 
inbred lines showing the phenomenon of heterosis this re­
striction could be dispensed with. 
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This is not the place to go Into all the details of the 
assumptions and the derivation. Only the general principle 
on which the modified formula is built will be shown here 
briefly. 
All ostimates are based on a comparison of the genetic 
range with the genetic variance which is a function of the 
number of factor pairs involved in the cross. 
I.e. (Genetic r a n g e -  4  =  2N 
Genetic variance " q '{T-qT3ES— "^qd-q) 
where N is the number of factor pairs 
X the unit gene change 
q the gene frequency, assumed to be the same for all 
pairs of genes (This will always be the case in crosses of 
homozygous lines). 
The problem thus becomes one of finding the genetic 
range, determining the genetic variance and the gene frequency. 
If we make the assumption that heterosis is due to cora~ 
plete dominance in all the factors involved, the out of 
two homozygous lines is truly upper end of the genetic 
range of any particular cross. Having found the one extreme, 
can Vie obtain a better estimate of the lower end of the genetic 
range than is offered by the lesser parent? 
If genes have equal effects and the effects of non-allelic 
genes are additive ~ assumptions made in all previous formulae -
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then It follows that the mean of the parental lines Is the 
best unbiased estimate of the midpoint of their genetic range. 
Thus doubling the difference between the mean of the and 
the inidparent would give the total genetic range for the 
factors involved. This holds true regardless of the magni­
tude of the difference betv/een the parental means, provided 
that the parent strains are homozygous. 
Under the assumption of complete dominance q has a value 
of 3/4, (l-q) of 1/4, q here standing for the relative fre­
quency of the dominant type indivldvxals in P2. The genetic 
variance can be obtained from the difference betv/een the Pg 
and the variances. 
The modified Gastle-V\fright-Serebrovsky formula becomes 
N = 4 (Pi -  '  
5.33 ( _ e','" ) 
where and Pg stand for the means of the groups they 
denote. The underlying assumptions are: 
1. fleterosls is due to complete dominance in all factor 
pairs. 
2. Genes have equal effects a s x " b —> BB . 
Aa Bb 
3. Kon-allelic genes are additive AA BB = AA + BB etc. 
4. The parental lines must be homozygous. 
5. It must be possible to discount the environmental 
variation correctly. 
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If superdominance really exists H may be overestimated. All 
other assuDiptions, however, v/lth the exception of the last (5th) 
tend to underestimate N. N, therefore, will usually, if not 
always, be a minimum estimate of the gene number. 
This method was applied to the data of the randomized 
complete block experiment. The statistics necessary are as 
follows: 
Pi P2 Pi ^'2 
X V X V X V X V 
37.0 505.5 45.0 2755. 6 76.8 1297 .0 48.1 2875.4 
Variance s 
corrected 
for means;886,2 2502. 2 2388 .6 2040.2 
2(Pi - Mldparent) ® 2(76.8 - 41.0) s 71.6 
Three different estimates of the environmental variation in 
egg production are available from both the parental strains 
and their cross. These differ greatly from one another. The 
underlying reason can be found, as Virill be shov/n further on, 
to be due to the correlation between meajis and variances. This 
relationship is a curvilinear one. The environmental variance 
which has a mean similar to that of the Pg can be used for the 
estimation of the purely hereditary variation without previously 
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finding the accurate relationship betv/een mean and variance 
and calculating adjusted values. Pg v/ith a mean of 45.0 is 
very close to the mean of the Fg population (x = 48.1). 
Substituting into the formula: N = 6152.3 = 8. 
5.33 X 119.8 
The adjusted variances given above v;ere used in a second 
estimate of the number of factor pairs involved in this cross. 
Using all the information available: 
N 4 (- Midparent) ^  
5.33 (vpg - vp^ + vpg j 
3 
N = 5132.3 = 8 
5.33 X 111.53 
A third estimate is furnished by comparing the Fg variance 
with its expected value. The latter is calculated on 28 vari­
ances within types consisting of flies with Identical genotypes. 
Thus, this expected value is perhaps the best estimate of the 
environmental portion of the Fg variance. Its value is 2771.6. 
The genetic portion becomes 103.8 giving 9+ as a minimum esti­
mate of the number of loci present. 
Thus,the proportionality found between the heterotic 
effects of the individual chromosomes and their active length 
will occur by chance alone in less than one out of 90 trials. 
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Gene Distribution on the Chromosomes 
Each chromosome produces a significant increase in egg 
production v/hen in heterozygovis condition as compared to the 
average of the tv;o homozygous levels. The following table 
gives productions for each level and each chromosome for the 
mature coimt of the randomized block experiment. 
Chromosomes I II III 
Heterozygous level: 677.4 723.5 703.3 
Homozygous level for A1: 561.6 600.4 557.8 
" " " 192; 545.8 461.9 523.7 
Per cent increase over 
parental means: 22.S 36.2 30.0 
Every figure represents the combined egg production of nine 
chromosomal types. 
It was also foxind that the heterotic effect of each 
cln'omosome pair must be dtie to at least a few but probably 
many gene pairs. The question arises as to v/hich type of 
gene distribution on the chromosomes would best explain the 
results obtained. 
The most satisfactory explanation on the basis of today' 
genetic knowledge is that each cliromosome carries a mixture 
of both plus and minus genes. Knowing only the heterotic 
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el'fect of the total genotypes rather than that of the individual 
chromosomes it v/ould have been plausible to assixrae that the 
plus genes are concentrated on certain chromosomes, the minus 
genes on others. 
Two qualifications, however, need to be made: 
(a) If superdominance existed (East's hypothesis) the con­
centration of plixs genes on one and of minus genes on the other 
chromosome would also explain the phenomenon. 
+ + + + 
Homo zygotes ' IZIZZIIIIIZZI 
+ + + + — — — — 
Heterozygote 
(b) Although it v/as shown that there were no interactions 
between chromosomes, factor interactions on the same chromosome 
may exist and be responsible for some or all of the heterotic 
increase e.g.: 
Parent 1 Parent 2 
+  +  - -  + -  +  _  
___ _ _ - —~ _ _ -
Loci; 1 2 3 4 
Hybrid 
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Aside from the fact that two al3.eles are in heterozygous 
condition here, two nevi, nonallelic two-fact or-gene combina­
tions appear: namely, the plus genes of locus 2 and locus 3 
and the combination of the minus genes of the same two loci. 
\Vl:iere the parental strains differ in more than two pairs of 
genes there can also be three, four, and more factor combina­
tion effects which might conceivably contribute to heterosis. 
The question of v/hether genes located on the same chromo 
somes interact, in one direction only or in both and whether 
they play a part in the prodviction of heterosis remains per-
hai)s the most important unsolved problem in this complex. 
The Relation between Type Means and Their Variances 
The data of this experiment offer unusually favorable ma 
terial for a study of the relationship between means and 
variances from several points of view. 
(a) All variances of the flies within types measxire the 
variation due to environment only, all such flies being of 
identical genotypes. 
(b) The variances are strictly comparable as they are 
derived from the randomized complete block experiment. 
(c) The type means are spread over a very wide range of 
dally egg production from 27.8 to 83.1 eggs per fly per day. 
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Tlie scatter diagram in figure 10 depicts this relation­
ship graphically. A linear correlation of r = .0914 for 26 
degrees of freedom is not significant. Calculating a oirvilinear 
regression of the form: 
Y " a + bx + cx2 
a significant multiple correlation coefficient R = ,5098 is 
obtained. The curvilinear regression departs significantly 
from the linear regression as the following test shov/s. 
d/f S.S. M.S. 
Dev. from linear reg. 26 42863802 
Dev. from curvilinear reg. 25 31944869 1277795 
Curvilinearity 1 10918933 10918933 
P = 8.55^ 
The regression equation is: 
E = •- 5877.8 + 322.49 X - 2.9664 
The 26 degrees of freedom stand for 28 variances. Twenty 
seven of these are due to different chromosoiml types while the 
additional one is based on a replicate of the completely 
heterozygous type. Actually there were in the randomized complete 
block experiment three such replicates or four groups in all rep­
resenting this type. Two of them have been omitted from the above 
7DOO 
6CXDO 
>50< 
SO TO 30 
MEAN E:<S<S production OF THE ST TYPES 
Pig. 10. Relation between the means and variances of the chrouiosoinal 
types. Open dots represent the completely heterozygous type, 
the upper tv/o of which were disregarded in the calculations. 
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calculationsJ their points are, however, recorded in the dia­
gram. They show imusually high variances. These must be ex­
pected at times in. typss with such large egg production if 
experimental accidents cause only a few of the flies to be 
very low producers. Thus,for instance, in the type with the 
largest variance four flies, which were all the flies out of 
one breeding bottle, averaged 31 eggs per day while the remain­
ing 12 flies averaged 86 eggs. Such marked effects of acci­
dental nature are limited to the high producing types as devia­
tions of similar magnitude from the bulk of the population are 
impossible wiong the lesser producers due to the absolute lov/er 
limit at the zero point. Two points remain Vt?hich still represoit 
this type in the regression. 
Such omissions are perhaps not entirely free of the suspi­
cion of some unfairness in the use of the data. It is believed, 
hov/ever, that the information obtained from the 28 points is of 
more genei'al valtie than statistics weighted heavily by one or 
both of the omitted points. 
Explanations for the Curvilinearity 
The shape of the curvilinear relation between mean and 
variances appears rather syiranetrical with the highest points 
close to 55 eggs per day. This symmetry leads one to suspect 
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tliat similar agencies are at work to reduce the variation at 
both extremes. The lower end is obviously bounded. A similar 
boundary at the upper end v/ould. fall under the concept of a 
physiological limit. As an example: under the given environ­
ment the highest producing genotypes may have all the genes 
for even higher production, but the flies can not consume and 
absorb sufficient food material under these conditions in order 
to produce more than a portion of the genotypically possible 
eggs. This limit could be raised by the introduction of either 
better genetic material, if such exists within the species, or 
a change in the environment as for instance more favorable 
temperature conditions and more suitable media. 
For the given genotypic array the given environment may 
form a ceiling. The distribution of the high producing types 
is then expected to be curtailed on the upper end or, in 
other v/ords, skewed in the negative direction. The skewness 
will be the more pronounced the closer the types are to the 
ceiling; it v/ill diminish toward the middle of the range where 
no, or little, curtailment occurs and be skev/ed positively the 
closer the zero limit is approached. 
An alternative explanation seems possible if one supposes 
that any existing ceiling is far enough removed so that its 
curtailing action does not become effective. On© may define 
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vigor, egg production being one expression of it, as stability 
and conversely the lack of vigor as lability to environmental 
fluctuations. This phenomenon which is widely observed in 
living organisms is usually spoken of as general resistance 
in contrast to specific resistance. This is what we mean v/hen 
we speak of rugged individuals. These can stand up under 
rather unfavorable conditions without being much affected by 
them, while the weak individuals are in need of more protec­
tion. This example emphasizes the more familiar case of the 
effect of poor environment. Does stability and lability also 
hold if favorable conditions are provided? Does the more vigor­
ous individual improve less than the weaker one? The writer 
is not acquainted with any study specifically treating this 
point. A logical basis, hov/ever, for such a phenomenon can 
be foxmd in the fact that improved environmental conditions 
ai'e capable of compensating for the absence of certain genes; 
e.g.,insulin given to diabetics, vitamin D for claickens which 
lack the genes for tolerance to vitamin D deficiency. Therefore, 
the types with superior vigor which already possess many de­
sirable genes may obtain less stimulus from improved conditions 
than do the weaker groups where good environment can erase the 
effects of genie deficiencies. 
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An even better illustration of the reduced variation for 
the vigorous organisms is the temperature control. Sick and 
weak bodies are affected by both heat and cold variations more 
than are vigorous individuals whose controlling mechanism is 
much more efficient in coping with temperature changes in 
either direction. 
This hypothesis would resixlt in symmetrical distributions 
for the flies of all types. With increasing means the range 
of their diatribtitions would grov/ smaller such that the high-
eat producing type lias the smallest variance. This fits the 
upper half of the variance x mean curve but is in apparent 
disagreement v;ith the lower Imlf of that curve. The IOY; pro-
dxxcing types liave small variances Instead of the large ones 
postiilated by this hypothesis. The lov/er limit, however, 
causing the ciirtailment of the distributions of the lov; pro­
ducing types provides a satisfactory explanation. 
The tv/o hypotheses explaining the ctirvilinearity by the 
existence of an upper ceiling or by greater vigor as being 
eqviivalent to greater stability under environmental fluctua­
tions can be distinguished critically only if the distribu­
tion of the high producing types is found to be symmetrical 
and possesses a relatively small range. Should it be nega­
tively skewed an upper limit would be indicated barring the 
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occurrence of accidents acting strongly upon a few flies only. 
In that case no critical distinction is possible as there is 
no means here of disentangling the effect of all such acci­
dents from those of the physiological limit. 
Distributions 
In figure 11 the flies of all types have been divided 
into six groups according to the level of their egg produc­
tion, It vfaa attempted to have the groups consist of about 
equal numbers of flies so as to make them most comparable. 
They actually vary from 64 to 96 flies# 
It is evident that with their means the v/hole distribu­
tions shift. The range, smallest in the lov/est producing 
groups, increases in the medivim producing ones, and reduces 
sliglitly thereafter. The uppermost distribution is excep­
tional. Its left hand side extends further downward than that 
of the next distribution which has a considerably lov/er mean. 
As has been mentioned before thla is due to severe accidents 
of environment acting on flies within certain bottles. Omitting 
those flies the range of the higliest distribution becomes mark­
edly narrower tlmn that of the next one. 
The distributions of the high producing t ypes are negatively 
skewed. The tv/o lowest groups closely approach the normal curve. 
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Pig. 11. Distributions of the flies out of high, mediTUu 
and lov/ producing groups. Each group consists 
of several types having a similar mean egg 
production. 
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To measure their skevmess the means and modes were compared 
and the statistics calculated. 
Distribu- No. of Mean Mode Mean-Mode Skev/ness 
tions flies gn 
1 64 230.6 270.0 - 39.4 -.99 ±,299 
2 80 194.5 215.0 -20.5 •".42 ± .269 
3 80 170.5 190.0 -19.5 -.29 ±.269 
4 96 156.6 178.0 -21.4 .40 ±.246 
5 64 130.2 154 .0 - 3.8 .02 +.299 
6 96 102.1 111.0 - 8.9 -.12 t .246 
It had been expected tliat due to the curtailment at the 
lower end of the range the low producing groups would be 
positively skewed. The fact that they are normally distributed 
might lead one to suspect that the zero limit does not become 
effective. This, however, is in sharp contrast v/ith the much 
reduced range of these distributions the only explanation for 
which seems to be the curtailment on the left hand side. In 
an attempt to dissolve this apparent paradox another factor 
is considered. 
For the sake of clarity it seems iiseful to distinguish 
between random environment and external influences which may 
be called"accidents 
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The concept of random environment is based on the realiza­
tion that many different external factors affect living organ­
isms. Each factor acts favorably on some and harms others;e.g., 
cr'owdlng affects one pupa \'!Aiile another is relatively free of 
it; there may be more or less moisture for their development etc. 
Not all random influences are favorable to half the popiilation 
and unfavorable to the other half, Tlius if single influences 
only would operate skev/ed distribiitions would be frequent. If 
an increasing nu^iiber of factors affect each individual the dis­
tribution approaches the normal curve rapidly. The chance of 
any one individual being subjected to all imfavorable influences 
or all favorable influences becomes small Indeed. The bulk of 
the population experiences a mixture of good and bad effects. 
Depending on the net effect of the emrironmental influences 
acting upon it, any organism may be above or below the mean 
of its populatlonj i.e., random environment spreads the groups 
into both negative and positive directions and about equally 
far in each. 
"Accidents" differ from the former kind of factors by 
hitting only some individuals of the population while leaving 
the bulk of the population unaffected. Their effects will 
cause otherwise normal distributions to become skewed in 
negative direction. 
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In the present fly population these accidents seem to have 
added to the skevmess of the high producing types and liave re­
moved the positive skev/ness in the lovi prodixoing groups causing 
thera to be nomially diatributed. 
As the distributions v/ei'e found to be skewed no critical 
decision in favor of either hypothesis for the curvilinearity 
of the variance x mean regression is possible. 
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DISCUSSION 
The purpose of this study was to probe the validity of the 
important assumption - the absence of Interactions between .dif­
ferent loci - common to both theories of heterosis and to ex­
tend the critical genetic knowledge of heterosis to the finer 
causes of its mechanism: the chromosomes and genes. 
Assuming for the present that the results obtained on egg 
production in Drosophila melano^^aster are generally applicable, 
then besides the major genetic facts observed and stated in the 
introduction the following can be added; 
(a) The factors responsible for heterosis are located 
on all chromosomes, 
(b) The per cent of these factors located on each chromo­
some is in proportion to its active length. 
Corollary: The assumption that no combination effects exist 
between the factors responsible for vigor is valid as far as 
the common action of whole factor blocks represented by the 
chromosomes is concerned. The contention that there are no 
interactions between nonallelic genes on the same chromosome 
remains an assumption. 
A word of caution is necessary here. The results of this 
study are derived from only a single cross between tv;o inbred 
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lines chosen because they v/ere already known to give distinct 
heterosis. How representative for the whole species is the 
particular genetic picture which was obtained? 
The amount of heterosis found was considerable which in­
dicates that many different factors were brought together and 
thus may have represented a rather large sample of the popula­
tion of genes in the species. Still the possibility that they 
were an unusual sample is not removed. 
It v/as found that there were no interactions between chromo­
somes, It must be remembered that this is true only for the few 
days in which egg production was recorded, including chiefly the 
peak production and a few preceding days. It is not impossible 
that in the declining portion of the production curve inhibiting 
factors located on specific chromosomes become active. Chromo­
somal interaction would then be realized. 
The character studied is a complex physiological trait re­
quiring the cooperation of many organs and structures. The 
species of animals and plants differ widely in their physiology. 
Can we justly assume that, even though their organs and organ 
systems differ in form and function, their motivation by the 
hereditary units is similar ? The answer to this question must 
yet be found. At present we can only hope that Drosophila 
melanogaster will prove to be as typical an indicator for 
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the genetic mechanism underlying the complex physiological 
and quantitative characters as it has proven itself to be 
with respect to the so called qualitative traits. 
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SUiaiARY 
A heterotic effect of almost 100 por cent In egg pro­
duction appearing in the cross betv/een tv/o inbred strains 
Droaophlla melanogaster was analyzed. By a genetic 
technique involving dominant markers and inversions all 
possible homozygous and heterozygous combinations of the 
first three chromosomes from the tv/o inbred lines were 
obtained forming a balanced 3x3x3 factorial design. En­
vironmental differences were eliminated by testing all 
chromosomal types siimiltaneously in a complete randomized 
block experiment. The major results were: (a) The rela­
tionship between vigor in terms of egg prodixction and 
cliromosomal heterozygosis v/as definitely linear, (b) no 
interactions or combination effects betv/een the three 
chromosomes could be detected, (c) significant amounts 
of heterosis were found for each chromosome, (d) the 
heterosis due to the Individual chromosomes v/as closely 
proportional to their active length as measured by band 
number in the salivary chromosomes, by the crossover 
units and the per cent of visible loci. The physical 
lengths of the salivary and metaphase clriromosomea were also 
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pi-oportional to the heterotlc effects, but less closely so, 
(e) both plus and minus genes are located on all the chromo­
somes unless superdoniinance should be the rule in quantita­
tive characters of this kind or nonallelic factor interactions 
conbribute to heterosis, (f) at least eight to nine factor 
pairs affected egg production in this particular cross, (g) 
a curvilinear relationship appeared between the means and 
the purely environmental variances of the different combina­
tions, maximum variances occurring in the combinations which 
had intermediate means, (h) the distributions of flies from 
high, medium and low producing types show a decline in the 
degree of negative slcewnesa in the order given. The lowest 
producing groups are normally distributed. 
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